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(54) 

(57) Technological preposition of the present inven- 
tion is a liquid processing method making use of a 
pipette device which sucks a liquid containing a target 
high molecular substance from inside of a vessel 
through a chip detachably set on a sucking port or a dis- 
charging port of a liquid sucking/discharging line and 
transfers this liquid or target high molecular substance 
to the next target processing position for the purpose to 
execute such works as quantifying, separating, taking 
out, pipetting, cleaning, condensing, and diluting a liquid 



or a target high molecular substance contained in a liq- 
uid and also such works as extracting, recovering, and 
isolating the target high molecular substance by means 
of sucking and discharging a liquid with a pipette device 
and controls by a magnetic body over magnetic parti- 
cles and/or a filter combined according'to the necessity, 
and the chip can isolate the target high molecular sub- 
stance by having the substance attracted onto magnetic 
particles or with a filter set on each chip. 
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Description 
TECHNICAL FIELD 



The present invention relates to a liquid processing s 
method making use of a pipette device and an appara- 
tus for the same, with which works including for quanti- 
fying, separating, taking out, pipetting, clearing 
condensing, diluting a liquid or a target high molecular 
substances included in a liquid such as useful sub- ro 
stances such as antibiotic substance, genetic sub- 
stances such as DNA, and immunological substances 
such as antibodies, and/or works for extracting, recover- 
ing and isolating the target high molecular substance 
can automatically and accurately be executed by means is 
of absorbing and discharging the liquid through a liquid 
absorbing/discharging line in the pipette device. 

BACKGROUND ART 
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In recent years, research activities for DNA or the 
like are very active in many fields including engineering 
medical science, agriculture, physical science, pharma- 
cology, and the purpose includes genome sequencing 
clinical diagnosis, improvement of agricultural products' 25 
bacteriological inspection of foods, drug preparing sys- 
tems or the like. 

As described above, when various types of immu- 
noassay applicable in a very wide range with high 
expected possibility in its application or structural analy- so 
sis of molecular level organisms, microorganisms or 
substances such as cells. DNA, RNA, mRNA, plasmid 
virus, or bacteria (described simply as a target high 
molecular substance in the present specification) is per- 
formed, ,t is necessary to carry out with high precision as 
works such as those for quantifying, separating, taking 
out, pipetting, clearing, condensing, diluting a sample or 
a target high molecular substance included in the sam- 
ple or works for extracting, recovering, or isolating a tar- 
get high-molecular substance as a preprocessing 40 
hm* i eXP ' ain structural analysis of a gene such as 
DNA diagnosis as an example, at first it is necessary to 
extract, recover, and isolate a DNA region including a 
• target gene. The technology for extracting, recovering 
and .solating genes has already been established as 45 
the gene cloning technology or genome sequencing 
technology, and at present it is believed that, by spend- 
ing enough time and expenses, any gene can be sepa- 
rated and obtained. For this reason, if a target gene 
DNA has been extracted, recovered, and separated so 
any type of gene analysis is possible as a principle by 
making use of the separated gene DNA. 

However, in a case of man, for instance, a particular 
target gene DNA is one millionth or below of all genome 
una, and for this reason actually a quantity of DNA ss 
ob tunable for testing is quite small, while a quantity of 
DNA and RNA not necessary for a particular experi- ' 
ment ,s quite large, which makes it difficult to execute 
analysis smoothly. 



For the reasons as described above, to execute 
structural analysis of a gene such as DNA diagnosis it 
is important to extract, recover, and isolate a DNA area 
including a target gene. Description is made hereinafter 

!ng a a DNA metHOd * eXtraCtin9 ' reC ° Verin9 ' and isolat - 
A DNA exist in a nucleus as a complex with a pro- 
tein m a cell. In the basic sequence for extracting a 
DNA. a cell or a cell nucleus is processed with SDS 
(surfactant dodecil sodium sulfate) to make the DNA 
soluble, and proteins contained therein are removed 
with a proteolytic enzyme or phenol. 

In other words, when a DNA is separated from the 
tissue, at first the tissue taken out is put in ice and kept 
therein for a certain period of time under a low tempera- 
ture then this cooled- tissue is divided to small pieces 
each w,th the weight of around 0.1 g, which are washed 
with a ice-cooled buffer solution A (0.01 M Tris HCI dH 
7 8. 0.1 M NaCI, 2 mM MgCI 2 ). This tissue is put in the 
above-described buffer solution A having a volume 20 
*mes larger as compared to that of the tissue and is 
homogenized 5 or 10 times with a Potter type homoge- 
nize.. Then the tissue is put in a centrifugal tube 
together with the buffer solution and is subjected to cen- 
trrfugation (2, 000 rpm. for 5 minutes). The cel. nucleus 

aborted. When extracting a DNA from cultured cells the 

B S n nT: e r U r ded in an iCe " C00ied buffer sol ^°n 
B (0.01 M Tris HCI, pH 7.8. 0.1 M NaCI, 2 mM EDTA) 

and is subjected to centrifugation. The precipitated 

nuclei or cells are again well suspended in the buffer 

solution B having a volume 100 times larger than that of 

the specimen. 

After the cells or cell nuclei are well suspended until 
a block of cells disappears, a 10% SDS solution is 
added by one twentieth thereof to lyse the cells Then 
proteinase K (10 mg/ml) is added by one fiftieth thereof 
to the solution and reacted for 4 hours under a temper- 
ature of 50°C so that the protein is lysed. During this 
reaction, the solution is sometimes agitated because 
the viscosity is high. Then phenol extraction is executed 
3 t.mes. In this step, the extracting work should be per- 
formed carefully so that no physical power is not loaded 
thereto. 

Then the specimen is dialyzed for around 1 8 hours 
wrth a buffer solution C (10 mM Tris HCI, pH 7.8/0 1 mM 

f l ! , a u n9 3 V0 ' Ume 100 times lar 9 er a s compared 
to that of the specimen, and is kept under a temperature 

Through the steps as described above, about 0 2 
mg of DNA can be obtained from 0. 1 g of tissue What 
is described above is a process of extracting DNA from 
tissue or cells, and in addition there have been known a 
method in which piasmid DNA is obtained by way of the 
alkali method (the small quantity adjusting method) a 
method of recovering DNA by way of the boiling 
method, and a method of recovering closed-cycle bro- 
mide DNA by way of the large quantity adjusting 
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' As described above, it is possible to extract, 
recover, and isolate DNA for structural analysis of a 
gene in, for instance, DNA diagnosis according to any of 
the known methods as described above, but a work for 
isolating DNA from the tissue or cells as described 
above is, as clearly understood from the sequence for 
extracting DNA from the tissue or cells as described 
above, extremely complicated, and a long period of time 
is required, which is disadvantageous. 

In addition, any of various types of method includ- 
ing the centrifuging method, high speed liquid chroma- 
tography method, gel electrophoresis method, dispo- 
column method, dialysis method, glass powder method, 
magnetic particle cleaning nozzle method has been 
employed for structural analysis of DNA or the like 
extracted by the above-described means, and each of 
the methods has respective advantages and disadvan- 
tages, and at present a high precision and stable 
method for structural analysis has not been developed 
yet. 

Namely, in a case of centrifugation, automation of 
processes for loading and taking out vessels is very dif- 
ficult, and also it is very difficult to mechanically sepa- 
rate supernatant from precipitates after centrifugation, 
and for this reason its applicability for various purpose is ■ 
disadvantageously poor. 

In a case of high speed liquid chromatography, a 
separation column is basically consumable, injection for 
a sample to the column or time management for sepa- 
ration can not be mechanized, and also different sam- 
ples pass through the column, which disadvantageously 
makes it impossible to completely prevent contamina- 
tion of the column. 

Furthermore, in a case of gel electrophoresis, 
adjustment of gel can not be mechanized, and this 
method has generally been used as a basic technique 
for separation of DNA, but the separated pieces must be 
taken out manually, which is disadvantageous. 

The dispo-column method is one of technic which 
can be embodied as a kit for separation of a particular 
DNA piece, but the cost is very expensive, and its appli- 
cability is narrow. In addition, controls over pipetting and 
liquid passing through the column are difficult, and there 
are many problems in mechanization of this method. 

In the dialysis method, a long period of time is 
required for dialysis, and also it is hard to apply this 
method when a quantity of sample is small, so that this 
method has not been used widely. 

The glass powder method is an excellent method of 
extracting DNA making use of silicon dioxide, and the 
process is simple and convenient, but as the powder is 
separated, with a filter or by way of centrifugation, it is 
difficult to automate the entire process. 

Furthermore in a case of the magnetic particle 
cleaning nozzle method, the process can be automated 
by controlling the cylinder and attracting/discharging 
with magnetic particles, but basically it is impossible to 
prevent contamination only by cleaning the nozzle. 

The present invention was made . under the circum- 



stances as described above, and its object is to provide 
a liquid processing method as well as an apparatus for 
the same making use of a completely novel pipette 
device which can automatically and with high precision 

5 execute works of quantifying, separating, taking out, 
pipetting, cleaning, condensing, diluting a liquid or a tar- 
get high molecular substance contained in a liquid as 
well as works of extracting, recovering, and isolating the 
substance by controlling the pipette device's operations 

w tor sucking or discharging a liquid and magnetic parti- 
cles with a magnetic body and/or by a combination of a 
magnetic body and a filter. 
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DISCLOSURE OF INVENTION 



Technological basis of the present invention is a liq- 
uid processing method making use of a pipette device 
which sucks a liquid containing a target high molecular 
substance via a chip detachably set in a sucking port or 
20 a discharging port of a liquid sucking/discharging line 
from inside of a vessel and transfers the liquid or the tar- 
get high molecular substance to a target next process- 
ing position, and the chip has the sucked target high 
molecular substance deposited on magnetic particles 
25 and/or separated with a filter set in the chip. Namely, it 
is possible to automatically execute with high precision 
the works of quantifying, separating, taking out, pipet- 
ting, cleaning, condensing, diluting a liquid or a target 
high molecular substance as well as works of extracting, 
30 recovering, and isolating the substance by controlling 
the pipette device's operations for sucking and dis- 
charging the liquid and magnetic particles with a mag- 
netic body and/or by a combination of a magnetic body 
and a filter. 

35 Also in the present invention, the target high molec- 

ular substance is a useful substance such as antibiotics, 
genetic substances such ad DNA, or an immunological 
substance such as antibody. For this reason, the 
present invention, is well suited to works of separating, 

40 taking out, pipetting, cleaning, condensing, diluting 
and/or works of capturing, extracting, isolating, amplify- 
ing, labelling, and measuring molecule level organisms 
or microorganisms such as cells, DNA, RNA, mRNA, 
plasmid, virus, and bacteria or certain high molecular 

45 substance, and a target high molecular substance can 
be obtained without depending on the conventional cen- 
trifugation. 

Also in the present invention, such works as quanti- 
fying, separating, taking out, pipetting, cleaning, con- 

50 densing, and diluting the target high molecular 
.substance as described above is carried out with a chip 
set in the liquid sucking/discharging line described 
above and at least one type of filter set in a tip section of 
the chip. With.this configuration, such works as quanti- 

55 tying, separating, taking out, pipetting, cleaning, con- 
densing, and diluting the target high molecular 
substance can easily be executed with high precision. 

The present invention is embodied mainly as 
described above, but by providing a plurality of filter 
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holders in multiple stages in a way where, for instance 
a filter holder with a filter to screen out blood corpuscle 
shells is provided in the first stage of the chip and a filter 
holder with a silica membrane filter to capture DNA is 
provided in the second stage thereof, such works as - 
quantifying, separating, taking out, pipetting, cleaning 
condensing, and diluting the target high molecular sub- 
stance as described above can more easily be carried 
out with high precision. It is needless to say that in a 
case where separation of a target high molecular' sub- 10 
stance is executed by setting each filter holder accord- 
ing to the present invention, the chips and filter holders 
may be engaged in and processed one by one or com- 
plied in a multiple stages and set to execute a plurality 
of works simultaneously. 

Also in the present invention, by using a plurality of 
filters each having a different pore size (transmission 
diameter of each filter) and used for separation of a tar- 
get high molecular substance and foreign materials 
other than the target high molecular substance respec- 20 
t.vely, it is possible to obtain only the target high molec- 
ular substance without fail. 

Also in the present invention, after such works as 
quantifying, separating, taking out, pipetting, cleaning 
condensing, diluting a liquid or a target high molecular 25 
substance with the filter as described above, in a step of 
detachably setting a new chip in a tip section of the liq- 
uid sucking/discharging line and sucking/discharging a 
solution containing magnetic particles with this chip as 
the magnetic particles are attracted by a magnetic body 30 
provided ,n the side of the chip onto an internal surface 
of the chip to extract, recover, and isolate the target high 
molecular substance, such works as quantifying, sepa- 
rating, taking out, pipetting, cleaning, condensing and 
diluting and also such works as extracting, recovering as 
and isolating a target high molecular substance can 
automatically be executed. 

Also in the present invention, different from a liquid 
processing based on the filter system as described 
above, such works as capturing, extracting, isolating. 40 
amplifying, labelling, and measuring the target high 
molecular substance may be executed only with a chip 
set in the liquid sucking/discharging line, a magnetic 
force, and one or a plurality types of magnetic particles 
and without using the filter as described above, more 45 
precise liquid processing can be realized with simpler 
configuration. 

Also in the present invention, by causing the chip 
set in the liquid sucking/discharging line as described 
above to react with magnetic particles like in the inven- so 
ton described above, refining process, such as captur- 
ing cells, having cell cores or protein iysed can 
automatically be executed, and a particular target high 
molecular substance can easily be extracted, recov- 
ered, and isolated. 

Furthermore in the present invention, by using 
magnetic particles with a probe or biotin or streptoavidin 
coated thereon by making use of a chip set in a liquid 
sucking/discharging line like in the 'invention described 



above after the work of extracting the substance, a par- 
ticular base sequence piece can easily be isolated with 
high precision without executing centrifugation. 

Also in the present invention, it is possible to exe- 
cute a series of works for refining such as capturing 
cells, or having cell core or protein Iysed by causing a 
chip set in the liquid sucking/discharging line to react 
with magnetic particles for extracting a particular high 
molecular substance and then isolating, the particular 
base sequence piece with other type of magnetic parti- 
cles w,th a . probe or biotin or streptoavidin coated ther- 
eor .easily in a liquid sucking/discharging line in a 
pipette device. 

Also in the present invention, after a series of works 
such as capturing, extracting, and isolating a target hioh 
molecular substance by using the magnetic particles as 
described above, by making the isolated particular base 
sequence piece emit light through chemical lumines- 
cence or fluorescence or enzymatic coloration, pres- 
ence or a quantity of the particular base sequence piece 
can easily be detected or measured. 

Also in the present invention, it is possible to easily 
and automatically execute a series of works for refining 
such as capturing cells, or having cell core or protein 
Iysed by causing a chip set in the liquid sucking/dis- 
charg.ngj.ne to react with magnetic particles for extract- 
ing a particular high molecular substance then 
amplrfymg the extracted target high molecular sub- 
stance isolating the particular base sequence piece 
with other type of magnetic particles with a probe or 
biotin or streptoavidin coated thereon and then detect- 
ing presence of or measuring a quantity of the particular 
base sequence piece by causing the isolated piece to 
emrt light through chemical luminescence or fluores- 
cence or enzymatic coloration. 

In the present invention, by executing the works of 
separating, taking out, pipetting, cleaning, condensing 
dilu ,ng the target high molecular substance and/or 
works for capturing, extracting, isolating, amplifying 
labelling, and measuring the substance in a single liquid 
sucking/discharging line or a plurality of liquid suck- 
ing/discharging lines provided in parallel to each other 
a sequences of works can be executed efficiently and 
automatically. In a case where a plurality of liquid suck- 
ing/d.scharging lines are provided in parallel the 
processing capacity is improved, and also a multi-chan- 
nel processing line can be realized. 

In the present invention, in a case where process- 
ing is. executed with a plurality of liquid sucking/dis- 
charging lines provided in parallel, as the plurality of 
liquid sucking/discharging lines are driven and control- 
led so that the works of separating, taking out, pipetting 
cleaning, condensing, diluting the target high molecular 
substance and/or the works of capturing, extracting iso- 
lating, amplifying, labelling, and measuring the sub- 
stance in each line are executed according to the same 
timing, or also so that each liquid is sucked or dis-' 
charged in a specified processing step according to a 
different timing, and for this reason processing steps 



4 



EP 0 763 739 A1 



8 



suited to a target high molecular substance can easily 
be built up. 

In the present invention, by providing working 
spaces separated from each other with partitions in the 
single or a plurality of liquid sucking/discharging lines, or 
by providing working spaces with an air flow by means 
of continuously sucking air in each line working space 
from an air sucking port, or by combining these different 
types of configuration, even in a case of liquid process- 
ing such as extracting and analyzing DNA or the like in 
which it is required to strictly prevent contamination by 
air in each processing line, the objective can easily be 
achieved. 

Also in the present invention, by having a target 
high molecular substance or a substance bonded to a 
target high molecular substance absorbed or bonded to 
a surface of each magnetic particle used for the pur- 
pose of the present invention, the target high molecular 
substance can be obtained without executing centrrfu- 
gation. 

In the present invention, in a case where the above^ 
described magnetic particles are used, controls are pro- 
vided so that the magnetic particles are absorbed onto 
an internal wall of a chip due to a magnetic force work- 
ing from outside of the chip, or so that, if effect -of the 
magnetic force is weak or not present, the magnetic 
particles are held separable from the internal surface of 
the chip, it is possible to control capture of target high 
molecular substance and separation of the same from 
foreign materials with high precision. 

In the present invention, by controlling load of a 
magnetic force into or elimination of a magnetic force in 
a chip by means of moving a permanent magnet in a 
direction perpendicular to the longitudinal direction of 
the chip or in a range including the direction perpendic- 
ular to the longitudinal direction of the chip, or by turning 
ON or OFF an electric magnet, it is possible to eff iciently 
execute such works as absorbing magnetic particles or 
agitating and mixing the magnetic particles with other 
liquid or cleaning. 

In the present invention, in a case where process- 
ing is executed with an electric magnet, by turning ON 
the electric magnet when it contacts an external surface 
of the chip to generate a magnetic force or by moving off 
the electric magnet from the chip when the magnetic 
force is eliminated, absorption of magnetic particles or 
agitation and mixing of magnetic particles with other 
solution or cleaning can efficiently be executed. 

In the present invention, when removing a chip from 
a liquid sucking/discharging line,, it can easily be 
removed by holding the chip with a holding body syn- 
chronously operating when the permanent magnet or 
electric magnet moves to the chip and the permanent 
magnet or electric magnet and then moving the liquid 
sucking/discharging line upward. 

In the present invention, the chip described above 
comprises a small diameter section steeped jnto a liq- 
uid, a large diameter section having a capacity larger 
' than a capacity of a vessel in which a liquid is accom- 



modated, and an intermediate section provided 
between the small diameter section and the large diam- 
eter section and having a diameter smaller at least than 
that of the large diameter section, and magnetic parti- 
5 cles are captured by the intermediate section, so that 
clogging never occurs and the magnetic particles can 
almost completely be absorbed because of magnetism 
within a short period of time. 

In the present invention, an internal diameter of the 
w intermediate section of a chip described above has a 
dimension appropriate for ferromagnetic field of the 
magnetic body to provide effects therein, and magnetic 
particles are captured due to a magnetic force gener- 
ated in the ferromagnetic field of the magnetic body, so 
75 that magnetic particles can almost completely be cap- 
tured because of magnetism within a short period of 
time. 

In the present invention, by forming an internal 
diameter of the intermediate section of a chip described 
20 above so that it has the substantially same width dimen- 
sion as that of a contacting surface of a magnetic body 
contacting the intermediate section, the most effective 
absorption of magnetic particles can be realized. 

In the present invention, absorption of magnetic 
25 particles onto an internal surface of a chip set in the liq- 
uid sucking/discharging line is- executed by passing a 
solution containing magnetic particles through a ferro- 
magnetic field inside a chip at a slow speed appropriate 
for the magnetic particles to be captured completely, the 
30 magnetic particles can completely be captured. 

in the present invention, controls are provided so 
that the final liquid surface of a liquid passing through 
the chip when sucked into or discharged from the chip 
always reaches the magnetic field described above, so 
35 that the magnetic particles can be captured more com- 
pletely. 

In the present invention, in a case where a liquid is 
sucked or discharged with a so-called single nozzle, the 
liquid is sucked by contacting a tip section for a chip set 
40 in the liquid: sucking/discharging line to an internal bot- 
tom of a vessel with the liquid accommodated therein 
and then lightly raising the tip section, so that almost all 
of the liquid within the vessel can be sucked and uni- 
formity of reaction can be maintained. 
45 In the present invention, agitation and mixing of 

magnetic particles absorbed in the chip with a reagent 
or cleaning water is executed under the so-called pump- 
ing control in which the works of sucking and discharg- 
ing the liquid in the liquid sucking/discharging line is 
so continuously executed at a high speed and times 
enough to agitate arid mix the liquid with the magnetic 
particles, so that the liquid and magnetic particles can 
homogeneously be agitated and mixed with each other. 
In the present invention, in a case where the works 
55 of agitating and mixing a liquid and. magnetic particles 
with each other are executed, the works of sucking and 
" discharging the liquid in the liquid sucking/discharging 
line is executed with the tip section steeped into a rea- 
gent or cleaning water accommodated in a vessel so 
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that a quantity of a liquid in the vessel and a sucking/dis- 
charg.no rate substantially coincide with each other and 
for this reason no bubble is generated and the reaction 
can be executed under no physical impact, so that sep- 
aration of a target high molecular substance from the 

wiSfai. partic,es due 10 bubb,es can be prevented 

In the present invention, in a case where necessary 
temperature controls are provided to promote a reaction 
between a target high molecular substance and a rea- 
gent or the like or amplification of the target high molec- 
ular substance, the reaction liquid or a liquid to be 
amplified is transferred with the chip into each thermo- 
static chamber previously kept in a specified tempera- 
ture to be heated or cooled therein, so that a period of 
time required for heating or cooling the reaction liquid or 
the liquid to be amplified can substantially be reduced 

In the present invention, when controlling a temper- 
ature in each reaction chamber, a covering body is set 
over a tip section of the liquid sucking/discharging line 
and the covering body is set via the liquid sucking/dis- 
charging line on the thermostatic chamber, so that 
evaporation of the liquid can be prevented and also con- 
tamination of air can be prevented without fail 

In the present invention, the covering body is built 
so that it is plucked and broken by the liquid sucking/dis- 
charging line or a chip set in the line, and for this reason 
it js not necessary to provide a separate sucking/dis- 
charging means, and a reaction liquid or a liquid to be 
amplified .n a thermostatic vessel can be sucked by the 
.qu.c I sucking/discharging line or a chip set therein, so 
that the configuration is quite simple and a series of 
works can automatically be executed. 

In the present invention, to realize each of the liquid 
processing methods as described above, there is pro- 
vided a l,quid processing apparatus making use of a 
pipette device comprising a liquid sucking/discharging 
line which can move in the horizontal direction and is 
maintained at a specified position so that it can move in 
the vertical direction, a means for executing liquid suck- 
ing/discharging works through the liquid sucking/dis- 
charging line, a plurality of chips required for processing 
one type of liquid and provided along the horizontal 
d,rect,on ,n which the liquid sucking/discharging line 
moves, a vessel with the liquid accommodated therein 
one or more filter holders each having a filter required 
for the processing above, and one or more vessels each 
having other type of liquid required for the processing 
above, and the liquid sucking/discharging line or a chip 
set therein is driven and controlled according to instruc- 
tions from a control unit so that the chip is transferred 
with a filter holder set therein to execute such works as 
quantifying, separating, taking out, pipetting, cleaning 
condensing, and diluting the liquid or a target high 
molecular substance contained in the liquid, and for this 
reason it is not necessary to especially provide a means 
m wh.ch an operation may be interrupted such as a cen- 
trifugal separator, and it is possible to automate such 
works as quantifying, separating, taking out, pipetting 



cleaning, condensing, diluting a target high molecular 
substance with simple configuration. 

In the present invention, there is provided a liquid 
processing apparatus comprising a liquid sucking/ dis- 
5 charging line which can move in the horizontal direction 
and is maintained at a specified position so that it can 
move -n the vertical direction, a means for executing liq- 
uid sucking/discharging works through the liquid suck- 
mg/discharging line, a plurality of chips required for 
" processing one type of liquid and provided along the 
horizontal direction in which the liquid sucking/discharg- 
ing line moves, a vessel with the liquid accommodated 
therein, a magnetic body for attracting magnetic parti- 
cles contained ,n a liquid onto an internal surface of a 
is chip when the liquid is sucked into or discharged from 
the chip, one or more vessels with other types of liquid 
.accommodated therein respectively required for the 
processing described above, and the liquid sucking/dis- 
charging l.ne or the chip is driven and controlled accord- 
*> ing to instructions from a control unit so that the chip is 
transferred to execute such works as capturing, extract- 
ing, isolating, amplifying, labelling, and measuring a liq- 
uid or a target high molecular substance contained in 

^•qu.d.andforthisreasonitisnotnecessarytoespe- 
2s cial y prov.de a means in which the operation such as a 
centrifugal separator may be interrupted, and also it is 
possible to automate such works as capturing, extract- 
ing isolating, amplifying, labelling, and measuring a tar- . 
get high molecular substance with simple configuration 
30 In the present invention, there is provided a liquid ' 
processing apparatus making use of a pipette device 
compr.s.ng a liquid sucking/discharging line which can 
move ,n the hor.zontal line and is maintained at a spec- 

* Tlf^° n < V* " ^ m ° Ve iP the vertical dir «*on, 

* a plurality of chips required for processing one type o 

.quid and provided along the horizontal line in which 
his sucking/discharging line moves, a vessel with the 
liquid accommodated therein, one or more filter holders 
each having a filter set therein required for the process- 
40 ,ng described above, one or more vessels each accom- 
modating therein other types of liquid required for the 
processing above, a vessel in which a liquid containing 
magnetic particles is accommodated, and a.magnetic 
body for attracting the magnetic particles onto an inter- 
ns nal surface of the chip in the process of sucking or dis- 
charging a solution containing the magnetic particles 
and the liquid sucking/discharging line is transferred 
according to instructions from a control unit to execute 
required processing for a liquid or a target high molecu- 
so tar substance contained in the liquid, and for this reason 
it is possible to execute such works as quantifying sep- 
arating, taking out, pipetting, cleaning, condensing 
dilubng a target high molecular substance and also 
£!? f CO ™P licated works as extracting, recovering, and 
55 isolating the target high molecular substance with very 
simple configuration in succession and automatically. 

In the present invention, a hook for locking and sup- 
porting a chip engaged in and supported by the liquid 
sucking/discharging line is rotatably supported by the 
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liquid sucking/discharging line, and the hook is ener- 
gized in its normal state in the direction in which con- 
nection between the liquid sucking/discharging line and 
the chip is maintained, and also the hook is energized 
by a lock releasing body provided at a specified position 
in the direction in which locking between the liquid suck- 
ing/discharging line and the chip is released, so that it is 
possible, when a filter holder is set in or removed from a 
tip section of a chip, to prevent the chip from being sep- 
arated from the liquid sucking/discharging line without 
fail, and also locking with the hook can automatically be 
released. 

In the present invention, in a case of a liquid 
processing apparatus with the hook attached thereto, 
the filter holder set in a tip section of the chip is trans- 
ferred so that the chip and/or the filter holder is sepa-. 
■rated from an edge of the liquid sucking/discharging line 
or a chip set therein when the liquid sucking/discharging 
line locked by the locking body is moved upward, so that 
the work of removing a chip and/or a filter holder can be 
automated. 

In the present invention, the vessel used according 
to the present invention is formed into a cassette form 
having a plurality of chambers each for accommodating 
a type of liquid therein and then samples or reagents 
required for a reaction or processing can be pipetted to 
each of the liquid accommodating section, so that high 
precision liquid processing can be realized. In this case, 
a portion or all of the reagent previously accommodated 
in each liquid accommodating section is shielded with a 
thin film body which can be broken by the liquid suck- 
ing/discharging line or a chip set thereon, and a mecha- 
nism for pipetting each reagent becomes unnecessary, 
. which is desirable for simplifying configuration of an 
apparatus. 

In the present invention, in a case where the mag- 
netic body is built with a permanent magnet, a surface 
of the permanent magnet contacting a chip is formed 
according to an external form of the chip and the chip is 
movably provided in a direction perpendicular to the lon- 
gitudinal direction of the chip, so that it is possible- not 
only to completely capture magnetic particles, but also 
to prevent adverse effects by diffusion and movement of 
the magnetic particles in association with the magnet 
without fail. 

In the invention, the magnetic body is built with an 
electric magnet in place of the permanent magnet 
described above with a surface thereof contacting a 
chip formed according to an external form of the chip, 
and is provided so that the electric magnet generates a 
magnetic force when it contacts outside of the chip and 
also can move, when degaussed, in a direction perpen- 
dicular to the longitudinal center line of the chip or in a 
range including the direction, and for this reason mag- 
netic particles are attracted in association with move- 
ment of the magnetic body along the longitudinal center 
line of the chip so that it is possible to prevent the mag- 
netic particles from going out of control and control over 
the magnetic particles from being lost, which makes it 



possible to realize complete attraction of the magnetic 
particles. 

In the present invention, a holding body, which 
moves, when the permanent magnet or electric magnet 
5 moves to the chip, in synchronism to movement of the 
magnet, is provided, a surface of the holding body con- 
tacting a chip is formed according to an external form of 
the chip, and the chip is held between the holding body 
and the permanent magnet or electric magnet, so that 
io the chip can easily be removed only by moving the liquid 
sucking/discharging line upward. 

In the present invention, a temperature control step 
required for a reaction between a target high molecular 
substance and a reagent or the like or for amplifying the 
is target high molecular substance is inserted into the liq- 
uid processing step with the liquid sucking/discharging 
line, the reaction liquid or the liquid to be amplified is 
transferred with the chip to each thermostatic vessel 
kept at a prespecrfied temperature, and also a covering 
'20 body, which can be set in a tip section of the liquid suck- 
ing/discharging line, is set by the liquid sucking/dis- 
charging line on each thermostatic vessel in which the 
reaction liquid or the liquid to be amplified is accommo- 
dated, so that also amplification of the target high 
25 molecular substance can successively be processed in 
a series of works. 

Furthermore in the present invention/the covering 
body comprises a flat surface section having a diameter 
larger than that of a bore of the thermostatic vessel and 
30 a maintenance groove section formed in a substantially 
central portion of the flat surface section and having the 
same bore as an external diameter of the liquid suck- 
ing/discharging line or the tip of the chip, and a bottom 
section of the maintenance groove section is formed 
35 with a thin film body which can be broken by the liquid 
sucking/discharging line or the chip, so that it is not nec- - 
essary to separately provide a covering body supply 
means or a liquid sucking/discharging means, which 
largely simplifies this type of apparatus. 

40 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a flat explanatory view showing general 
configuration of an apparatus for extracting, recov- 
45 ering, and isolating DNA according to the first 
embodiment of the present invention; 
Fig. 2 is a cross-sectional view showing general 
configuration of a nozzle unit in the apparatus; 
Fig. 3 is an explanatory view explaining a step of 
so removing a chip with a hook body in the nozzle unit; 
Fig. 4 is a flat explanatory view showing a state 
before U-shaped body for removing the chip and 
the chip are engaged with each other; 
Fig. 5 is a flat explanatory view showing a state 
55 after the U-shaped body for removing the chip and 
the chip are engaged with each other; 
Fig. 6 is a perspective view showing a case where 
the U-shaped body is formed with a locking release 
rod ; 
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Fig 7 is a cross-sectional view showing an example 
of forms of two chips used in the present invention; 
Fig. 8 is an explanatory view showing configuration 
of a pipette nozzle and a positional relation 
between a holding body and a magnetic body when 
getting closing to or away from each other; 
Fig. 9 is a flat explanatory view showing configura- 
tion of a magnetic body as well as that of a holding 
body used in this embodiment; 
Fig. 10 is an explanatory view showing positions at 
which the magnetic body and holding body are 
attached respectively; 

Fig. 1 1 is a cross-sectional view for explanation of a 
relat.on between a bore of an intermediate diame- 
ter sect.on of a chip and a width dimension of a 
magnetic body; 

Fig. 12 is a flow chart for explanation of steps from 
step 1 to step 10 in the works of extracting, recover- 
ing, and isolating DNA with the apparatus- 
Fig. 13 is a flow chart for explanation of steps from 
step 12 to step 1 9 in the works of extracting recov- 
ering, and isolating DNA with the apparatus- 
Fig. 14 is a perspective view for explanation of an 
example of configuration of a chip removing body 
Fig. 15 is a perspective view for explanation of 
another, example of a means for engagement 
between a filter holder and a cell; 
Fig. 16 is a cross-sectional view showing a case 
where a chip and two pieces of filter holder are con- 
nected and used in a multiple-stage form; 
Fig. 1 7 is a cross-sectional view showing configura- 
tion of a filter holder with a filter having a large filter 
area attached thereto; 

Fig. is is a cross-sectional view of a thermostatic 
vessel and a covering body used in this embodi- 
ment; 

Fig. 19 is an explanatory view showing a state 
where a thin film body of the covering body is bro- 
ken by a chip and a DNA amplifying liquid accom- 
modated therein is sucked; 

Fig. 20 is a flat view for explanation of a state where 
a filter holder and a cell according to this embodi- 
ment are set in a cassette for each group used in 
the reaction processing step; 
Fig. 21 is a flat view for explanation of general con- 
figuration of an apparatus for extracting, recovering 
and .solating DNA comprising a plurality of reaction 
lines according to a second embodiment of the 
present invention; 

Fig. 22 is a front view showing a quadrupled nozzle 
cylinder applicable to the present invention, 
Fig. 23 is a perspective view showing an example of 
- configuration of a holding body and a magnetic 
body used ,n processing with the four-stage nozzle 
cylinder, and 

Fig. 24 is an explanatory view for operations of the 
hold.ng body as well as of the magnetic body. 



BEST MODE FOR CARRYING OUT INVENTION 



Detailed description is made for the present inven- 
.. ion with reference to embodiments thereof shown in the 
5 related drawings. 

Fig. 1 shows an example of configuration in which 
the present invention is applied to an apparatus for 
extracting, recovering, and isolating DNA. 

♦ apparatus comprises a pipette nozzle P sup- 
w ported ^ a n022le unj{ so ^ j{ can f ^ ^ ^ P 

an XYZ movmg mechanism in the vertical direction as 
well as ,n the horizontal direction, chips T, , T 2 T, and 
T 4 arranged from left to right in the figure 1 a chip 
. removing body E, a sample vessel C 0 , a first filter holder 

u- ' 3 ° e " ° 2 ' 9 Ce " °3' a second fil *er holder 

H 2 a cell C 4 , a cell C 5 , a cell C 6 , a cell C 7 , a thermo- 
stat cell C 8A . a cell C 8B , a eel, C 8C , and a DNA recov- 
ery cell Cg 

Namely in this embodiment, the chips T« T, T, 
20 have a form suited for holding the filter holders H, H, 
and the chip T 4 has a form suited for capturing magnetic 
parhc es. It should be noted that, although the descrip- 
tion of the embodiment above assumes a case where a 
chip for capturing magnetic particles is processed with 
25 only one chip T 4 , the form is not limited to that described 

above and that a plurality of chips may be used accord- 
ing to the needs in the processing step. 

Also it should be noted that also in this embodi- 

,„ U Z t0 firSt fi ' ter h0ider H 1 ■ ce " °1 • second filter 

so holder H 2 cell C 2 . cel. C 3 , cel. C 4 controls the step o 
refining with a filter. c H ur 

Also the cell C 5 , cell C 6 , and cell C 7 controls the 
magnetic reaction as well as the steps of extracting and 
isolating, and furthermore the thermostatic cell C 8A cell 
35 C 8B , and cell C 8C control temperature in the reaction 

As described above, by arranging the cells sequen- 
taUy. processing can be executed in a state where a plu- 
rality of specimens of a sample are arranged in an array 
and a so control for driving the pipette nozzle P can be 
40 amplified. It is needless to say that arrangement of the 
cells may be combined or changed according to the 
processing sequence. 

It is desirable that the pipette nozzle P is connected 
directly or with a certain but small range to a cylinder 
45 wh.ch can strictly control a sucking/discharging rate with 
a servo motor or a pulse motor and unitized therewith 

A nozzle unit J supporting this pipette nozzle P 
comprises, as shown in Fig. 2, a vertical movement 
guide body 1 movably supported in the XY direction 
so (horizontal direction), a holder 2 connected with the ver- 
tical movement guide body 1 and moving in the vertical 
d.rect.on, a supporting body 3 extending in the horizon- 
tal direction from this holder 2, the pipette nozzle P pen- 
etrat.ng this supporting body 3 in the vertical direction 
55 and supported thereby, a spring 4 provided in the sup- 
porting body 3 and energizing the pipette nozzle P in 
the downward direction in its normal state, and a hook 
bodies 6, 6 rotatably supported on the opposite side to 
a lower projecting section 5 of the supporting body 3 It 
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should be noted that the sign Z in the figure indicates a 
sensor controlling a downward moving rate of the 
pipette nozzle P. 

The hook bodies 6, 6 are energized in its normal 
state in the closing direction due to an energizing force 
of the sheet springs 7, 7 fixed to the lower projecting 
section 5. It should be noted that the spring 4 above is 
provided as a cushion for the pipette nozzle P, so that it 
may be provided in any portion of the pipette nozzle P or 
the supporting body 3, and also the sheet springs 7, 7 
may directly be attached to the pipette nozzle P. 

The nozzle unit having the configuration as 
described above is built so that it can move in the XYZ 
directions (in the horizontal direction and in the vertical 
direction) with the chips T v T 2> T 3 engaged in a tip sec- 
tion of the pipette nozzle P supported by this nozzle unit 
J and this engagement is maintained because the hook 
bodies 6, 6 locks a flange 8 Of the chips T 1t T 2 , and T 3 
in the state in which the hook body holds and embraces 
the chips. 

The chip removing body E for releasing connection 
(locked state) with the hook bodies 6, 6 between the 
pipette nozzle P and the chips T 1f T 2 , and T 3 comprises 
a - pair of lock releasing rods 9, 9 provided at a position 
for aborting chips as shown in Fig. 2 and Fig. 3, a U- 
shaped body 10 having, for instance, a sheet form pro- 
vided at the bottom of the lock releasing rods 9, 9 as 
shown in Fig. 4 and Fig. 5, and deposition tank (not 
shown) into which the chips T 1( T 2 , T 3 separated from 
the pipette nozzle P are aborted. 

As described above, the pipette nozzle P and chips 
T 1( T 2 , T 3 are locked and supported by the hook bodies 
6, 6 to prepare against a discharging pressure of the liq- 

• u'id or because the engagement between the pipette 
nozzle P and the chips T 1t T 2 , T 3 should not have been 

• released when separating the filter holders H v H 2 from, 
the chips T 1t T 2 , T 3 . 

For this reason, when releasing connection with the 
hook bodies 6, 6 between the pipette nozzle P and the 
chips T n , T 2 , T 3 , at first the nozzle unit J is moved down- 
ward at a position where the chip removing body E is 
provided. 

Then horizontal flange sections -6a, 6a of the hook 
bodies 6, 6 contact the rock releasing rods 9, 9, and 
when the nozzle unit J moves further downward, the 
hook bodies 6, 6 rotate in the opening direction around 
shafts 11, 11 as a support as shown in Fig. 3, and the 
locked state between the pipette nozzle P and the chips 
T 1p T 2 , T 3 are released. 

From the state described above, the nozzle unit J 
moves in the horizontal direction, and as shown in Fig. 
4 the flange 8 of each of the chips T 1f T 2 , T 3 moves to 
a' lower surface of the U-shaped body 10 with a body 
section of the pipette nozzle P engaged in a U-shaped 
groove section 12 of the U-shaped body 10, and then, 
when the nozzle unit J goes upward, the flange 8 of the 
chips T 1f T 2 , T 3 contact a peripheral section of the U- 
shaped groove section 12 of the U-shaped body 10, the 
upward movement thereof is restricted, so that only the 



pipette nozzle P goes upward and the chips T-,, T 2 . i 3 
are scraped away from the pipette nozzle P. 

The description of the U-shaped body 10 above 
assumes a case where the U-shaped groove section 12 
5 is provided in a plate body, but the same effect can be 
achieved by connecting edge sections 13 of the lock 
releasing rods 9, 9 in a U-shaped form and forming 
them into a monolithic form. 

This lock releasing rods 9, 9 and the U-shaped 
10 body 10 may be provided not only at a position where 
the chip removing body E is provided, but also at any of 
necessary positions described later. 

By the way, in this embodiment, the chips T 1( T 2> T 3 
are used as a set. It is needless to say that the number 
15 of chips may be increased or reduced according to the 
processing sequence. Also a number of cell C 6 and cell 
C 7 is not limited to that in the embodiment shown in the • 
figure, and may be increased or reduced according to 
the. necessity. 

20 And formed in a lower edge section of the pipette 

nozzle P are 2 stage sections P A , and P B as shown in 
Fig. 7, and the chips T n , T 2 , T 3 are detachably set in the 
first stage section P A , while the chip T 4 is detachably set 
in the second stage section P B - 
25 Furthermore in the lower edge section of the pipette 

nozzle P, as shown in Fig. 8, a surface with flanges P c , 
P c each projecting outward from the peripheral surface 
and a surface P D crossing the flanges P c , P c are 
formed into a flat surface respectively. 
so As described above, by providing the flanges P c , 
p c in a projecting form, it is possible to remove the chips 
T 1( T 2 , T 3 with the removing body E, and also by having 
a surface P D formed into a flat surface form, it is possi- 
ble to remove the chip T by holding it between the hold- 
35 ing body V and a magnetic body M. 

In this holding body V and the magnetic body M, a 
known gear mechanism or a cum mechanism is, as 
show in Fig. 9, constructed so that it opens or closes in 
synchronism to an operation of an opening/closing 
40 mechanism L comprising a rack and pinion mechanism 
or the like, and the opening/closing mechanism L is pro- 
vided in a lower section of the cylinder unit S as shown 
in Fig. 10. 

Also in the holding body V, a surface contacting the 
45 chip T 4 is formed into a concave form according to an 
external form of an intermediate diameter section K 12 of 
the chip T 4 , and by holding the chip T 4 between the 
holding body V and the magnetic body M and then mov- 
ing the pipette nozzle P upward, it is possible to easily 

so remove the chip T 4 . 

Setting of each of the chips T 1f T 2 , T 3 , and ^ hav- 
ing the configuration as described above is executed, 
' for instance, by transferring the pipette nozzle P to just 
above a chip rack (not shown) with the chips T 1t T 2 , T 3 , 
55 T 4 supported thereon in at an erected position, then 
descending the pipette nozzle P, and press-fitting the 
' lower edge section P A or P B of the pipette nozzle O into 
upper edge sections of the chips T 1t T 2 , T 3 , T 4 . 

Namely each of the chips T 1( T 2 , T 3 each with the 



9 



17 



EP 0 763 739 A1 



18 



filter holders H,. H 2 set thereon comprises, as shown in 
Fig. 7, a small diameter section K, an intermediate 
diameter section K 2 connected to an' upper section of 
this small diameter section K v and a large diameter 
section K 3 connected to : an upper section of this inter- 
mediate diameter section K 2 , all of which are connected 
to each other in the vertical direction and formed into a 
monolithic form, and the filter holder H,, H 2 described 
later are detachably set in the intermediate diameter 
section K 2 . 

The intermediate diameter section K 2 of each of the 
chips T,, T 2> T 3 has the substantially same diameter as 
or a slightly larger diameter than an inner diameter of 
the engaging section between the filter holders H t H 2 
and length of the smalj diameter section is short 
enough for tip sections of the filter holders H,. H 2 not to 
contact a filter when the filter holders H, H, are 
engaged. 12 

On the other hand, the chip T 4 to which magnetic 
particles are attracted is different in the purpose of its 
use as well as in the method of using it from the chips 
Ti. T 2 , T 3 with filter holders set thereon respectively, 
and the chip T 4 comprises, as shown in Fig. 7 the large 
diameter section having an internal bore engaged onto 
the second stage section P B which is smaller than the 
first stage section P A of the pipette nozzle P, the inter- 
med.ate d.ameter section K 12 having a diameter smaller 
than that of the large diameter section K 13l and the 
small d.ameter section K u having a diameter smaller 
than that of the intermediate diameter section K 12 and 
a magnetic body M attracting magnetic particles is 
moved to or away from the intermediate section K 12 

An internal diameter of the intermediate diameter 
section K 12 of this chip T 4 has a dimension enough for a 
ferromagnetic field of the magnetic body M to be effec- 
tive there.n. and preferably the dimension is, as shown 
m Fig. 1 1 , substantially identical to a width dimension of 
the surface of the chip to which the magnetic body M 
contacts. 

It should be noted that, although the description of 
the present embodiment above assumes a case where 
from each of the chips T„ T 2 , T 3 , only the filter holders 
are removed, but in a case of a reaction step in which 
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only the filter holders H„ H 2 are not required to be 
removed, locking with a hook body is not required so 
that a bore, of the large diameter section of a chip for a 
filter holder may be the same as that of the chip T 4 

The apparatus for extracting, recovering, and isolat- 
ing DNA having the configuration as described above is 
driven and control in the steps shown in Fig. 12 and Fig. 

At first, as shown in Fig. 12, in step 1, the first chip 
1 ,s Inserted into th e first stage P A in a lower edge sec- 
tion of the pipette nozzle P. In this step, the pipette noz- 
zle P and the chip T, are locked by the hook bodies 6 6 
and the connection between the two members are 
maintained. 

When the chip T 1 has been set in the first stage P A 
in the lower edge section of the pipette nozzle P, the 
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pipette nozzle P is transferred to just above the sample 
vessel C 0 w.th a sample accommodated therein and 
then goes down with the liquid surface checked by a liq- 
uid surface sensor Z, (Refer to Fig. 10), and then the 
lower edge section of the chip T, is inserted into the 
sample and a required quantity of the sample is sucked 

(StSp 2j. 

The sample used in this embodiment is natural 
blood havmg been subjected, before start of experi- 
ment, to cell core lysis or protein lysis with such a solu- 
tion as an SDS solution or a proteinase K solution, but a 
step of cell core lysis or protein lysis using the above 
solution may be incorporated in this processing flow 

Then the chip ^ having absorbed a required quan- ' 
t. y of sample therein is transferred to just above the first 
filter holder H, with the first filter F, provided therein 
and goes down with the first filter holder H, locked and 
engaged in a lower edge section of the chip T, (step 3) 
The filter F, set in this first filter holder H, can 
remove blood corpuscle shells in the sample above 
from the blood dissolved and discharge a lymphocyte 
solution containing DNA into the cell C,. The oiDette 
nozzle P with the first filter holder locked and 
engaged in the lower edge section of the chip T« is then 
transferred to just above the cell C,. and at the position 
the p, P ette nozzle P starts a discharging operation, sep- 
arates cell membrane and blood corpuscle shells in the 
sample from lymphocytes and DNA loading reburied 
pressure to the sample sucked into the chip T 2 and dis- 
charges only the lymphocytes and DNA into the cell C n 
(step 4). At this point of time, as the pipette nozzle P is 
energized downward by the spring 4, the flange 13 of 
the first filter holder H n is pressed and closely adhered 
to a periphery of an opening of the cell C, so that gen- 
eration of leak due to a discharging pressure of the liq- 
uid is prevented. M 
Then the pipette nozzle P is transferred to just 
above a position where the chip removing body E 
shown ,n Fig. 1 is provided, the chip T, and first filter 
holder H, are removed from the lower edge section of 
the pipette nozzle P according to the processing 
sequence described above (step 5), and the chip T, and 
first f,lter holder H, removed as described above are 
aborted into a waste tank (not shown). 

Then the pipette nozzle P is transferred to just 
above a chip rack with the chip supported in the erected 
pos.tion, and goes down at the position with the second' 
ch,p T 2 set in the first stage P A in the lower edge section 
of the p,pette nozzle P (step 6). Also in this case the 
pipette nozzle P and the chip T 2 are locked and con- 
nected to each other by the hook bodies 6, 6 

Then the pipette nozzle P with the' chip T 2 set 
therein is transferred to just above the cell C, again and 
goes down at the position with a required quantity of 
lymphocyte solution sucked from the cell C, there (step 

Then the pipette nozzle P is transferred to just 
above the second filter holder H 2 with the second silica 
membrane filter F 2 provided therein and goes down 
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there with the second filter holder H 2 locked and 
engaged in a lower edge section of the chip T 2 (step 8). 

Then the silica membrane filter F 2 set in this second 
filter holder H 2 separates DNA from foreign materials in 
the lymphocyte solution above, and discharges the 
residual solution into the cell C 2 . 

As described above, the pipette nozzle P with the 
second filter holder H 2 locked and engaged in the lower 
edge section of the chip T 2 is transferred to just above 
the cell C 2 , and at the position the pipette nozzle P 
starts an discharging operation, separates DNA from 
foreign materials in the lymphocyte solution loading 
required pressure to the lymphocyte solution sucked 
into the chip T 2 , and discharges the residual lymphocyte 
solution into the cell C 2 (step 9). In this step, as the 
pipette nozzle P is energized downward by the spring 4, 
the flange 14 of the second filter holder H 2 is pressed 
and closely adhered to a periphery of an opening of the 
cell C 2 , so that generation of leak due to a discharging 
"pressure of the liquid is prevented. 

Then the pipette nozzle P with the second filter 
holder H 2 having captured DNA and locked and 
engaged therein is transferred to just above the third cell 
C 3 in which a cleaning liquid is accommodated, and 
goes down there with the second filter holder H 2 
steeped into the cleaning liquid in the eel! C 3 (step 10). 

Then the locked state of the chip T 2 and filter holder 
H 2 is released by the filter holder removing body E^ 
shown in Fig. 14, and only the second filter holder H 2 is 
steeped into the cleaning liquid in the cell C 3 (step 11). 
It should be noted, that the chip T 2 is transferred to just 
above the chip removing body E, removed from the 
pipette nozzle P, and is aborted according to the 
sequence described above. 

It should be noted that the filter holder removing 
body E 1 has a flat surface with a notched groove 15 
having a substantially U-shaped form, and a diameter of 
the notched groove 15 is slightly larger than an external 
diameter of a body section of each of the chips T 1t T 2 , 
T 3 , but is smaller than a diameter of the flanges 13, 14 
of the filter holders H 1t H 2 . 

Then the pipette nozzle P is transferred, as shown 
in Fig. 13, to just above a chip rack with the chip sup- 
ported in the erected position therein, and at the posi- 
tion goes downward with a third chip T 3 set in the first 
stage P A in the lower edge section of the pipette nozzle 
P (step 12). Also in this step, the pipette nozzle P and 
chip T 3 are locked by the hook bodies 6, 6 and the con- 
nection is maintained. 

Then the pipette nozzle P with this chip T 3 set 
therein is gain transferred to just above the cell C 3 , and 
goes downward at the position with the second filter 
holder H 2 locked and engaged in a lower edge section 
of the chip T 3 (step 13). . 

Then the pipette nozzle P starts a sucking opera- 
tion and a required quantity of a mixture liquid of a 
cleaning liquid and DNA is sucked. With this operation, 
the work of refining DNA is complete. 

It should be noted that, in the present embodiment, 



as a means for steeping the second filter holder H 2 into 
a cleaning liquid accommodated in the cell C 3 , for 
instance a locking projection W, which allows intrusion 
' of the second filter holder H 2 'but prevents.it from going 
5 off may be provided in the cell C 3 in place of the remov- 
ing body E as shown in Fig. 15 with also a locking pro- 
jection S engaging with the locking projection W 
provided for the purpose to steep the second filter 
holder H 2 into a cleaning liquid accommodated in the 
10 cell C 3 by having the locking projection W and locking 
projection S engaged with each other. 

Description of the embodiment shown in the figures 
assumes a case where a number of filter holders set in 
each of the chips T 1f T 2 , T 3 is only one, but in the 
15 present invention the filter holder H, (or H 2 ) may be set 
in each of the chips T 1 , T 2 , T 3 with the filter holder H 2 (or 
H-,) set in the filter holder H-j (or H 2 ) to form a two-stage 
joint of filter holders, and also that a number of stages 
may be two or more according to the necessity in the 
20 processing sequence. 

Furthermore, in certain types of liquid processing, a 
filter area may be short in the embodiment as shown in 
the figures, and in this case, as shown in Fig. 17, a filter 
accommodating section Q having a diameter larger 
25 than that of the body section and also having an 
expanding and projecting form may be provided in the 
intermediate section of the filter holder H 3 to accommo- 
date the filter F 3 having a large filter area in the filter 
accommodating section Q. An external diameter of the 
30 filter accommodating section Q in this case should pref- 
erably be smalier than a diameter of a projections C B , 
C B for positioning projecting from the upper edge flange 
section C A of the cell C. It should be noted that the sign 
R in the figure indicates a stay member for supporting 
35 the filter F 3 in an intermediate section of the filter 
accommodating section Q. It is needless to say that the 
filter F 3 may be supported by mesh in its lower section. 

Next description is made for a step of subjecting 
DNA refined through the reaction steps described 
40 above to such works as extracting,, recovering, isolating 
or amplifying with PCR or to control for temperature 
thereof. 

Namely, in a case where such works as extracting, 
recovering, or isolating by making use of this pipette 
45 device with magnetic particles G with DNA or DNA- 
bonded substance bonded to the surface, as shown in 
step 14 in Fig. 13, at first the pipette nozzle P is moved 
upward and then transferred to just above a fourth cell 
C 4 with the second filter holder H 2 left in cell 3 via a filter 
so holder removing body E 2 having the same configuration 
as that of the filter holder removing body E n and the 
sucked DNA solution is discharged into the cell C 4 . 

A required quantity of reaction liquid containing 
magnetic particles G with DNA or DNA-bonded sub- 
55 stance bonded to the surface thereof has been supplied 
into- this cell C 4 , and when the DNA solution is dis- 
charged into the reaction liquid, a reaction between 
DNA fragments and the magnetic particles G is started. 
The chip T 3 with the DNA solution having been dis- 
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charged into the cell C 4 Is removed from the lower edge 
section of the pipette nozzle P according to the process- 
ing sequence like in a case of the chip T A or chip T 2 , and 
is aborted. 

It is needless to say that then the chip T 4 is set in 
the lower edge section of the pipette nozzle P according 
to the processing sequence. as described above. 

Then, after a certain period of time has passed, the 
pipette nozzle P goes downward and steeps the chip T 4 
into the reaction liquid, the magnetic body M contacts 
the intermediate diameter section K 12 of the chip T 4 , the 
works of sucking and discharging the liquid by the 
pipette nozzle P is executed at least once according to 
the necessity, and separation between the magnetic 
particles and the reaction liquid is executed (step 15). 
Then the sucking and discharging work is executed to a 
slow speed so that almost all the magnetic particles are 
captured. In this case, it is important for completely 
attracting the magnetic particles to provide controls over 
the sucking and discharging operations so that the final 
liquid surface of the reaction liquid sucked or discharged 
passes through an area effected by a magnetic force 
generated by the magnetic body M. 

With this separating operation, only the magnetic 
particles G with DNA bonded thereto are attracted 
almost completely onto an internal surface of the chip 
T 4 , and the residual liquid is discharged into the cell C 4 . 

In this embodiment, the processing is executed by 
moving the magnetic body M upward and backward 
simultaneously in a direction perpendicular to the longi- 
tudinal direction of the chip T 4 or turning ON/OFF an 
electric magnet. 

In a case where processing is executed with an 
electric magnet, the electric magnet is controlled so that 
the electric magnet is turned ON to generate a magnetic 
force magnet when it contacts an external surface of the 
chip T 4 and is moved upward and backward simultane- 
ously, when degaussed, in a direction perpendicular to 
the longitudinal direction of the chip T 4 . 

Then this chip T 4 with magnetic particles G 
attracted onto the internal surface is transferred to a cell 
T 5 in which such a reagent as restriction enzyme liquid 
or the like required for extracting, recovering, and isolat- 
ing the target DNA, and at the position operations for 
sucking or discharging the reagent such as the restric- 45 
tion enzyme liquid are executed by pumping, as 
described above (step 16). The operations for sucking 
and discharging the reagent are executed several times 
continuously with a tip section of the chip T 4 steeped 
into the reagent, so that intrusion of bubbles is pre- 
vented. In this step, by setting the magnetic body M so 
that a magnetic force generated by the magnetic body 
M is not effective, works of mixing and agitating the rea- 
gent such as a restriction enzyme liquid and the mag- 
netic particles can be executed with high precision, and 
an excellent reaction state can be insured. 

After the reagent .such as a restriction enzyme liq- 
uid and magnetic particles are fully agitated and mixed 
with each other, the chip T 4 again sucks and discharges 
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this liquid slowly, and executes the operations once or 
required times according to the necessity, and separa- 
tion of magnetic particles from the liquid with the mag- 
netic body M is executed. 

With the operations, only the magnetic particles G 
with DNA bonded thereto are almost completely 
attracted onto an internal surface of the chip T 4 and the 
residual liquid is discharged into the cell C 5 (step 17). 
Then the chip T 4 with magnetic particles G 
10 attracted onto the internal surface thereof is transferred 
to cells C 6 , C 7 by turns, in which a reagent required for 
extracting, recovering, and isolating a target DNA is pre- 
viously accommodated, and at the positions where the 
cells C 6 , C 7 are provided, and the reaction processing- 
15 by pumping is executed like in the cases described 
above (step 18). 

In this step, by setting the magnetic body M in the 
state wherein a magnetic force generated by the mag- 
netic body M is not effective, works of agitating and mix- 
20 ing the reagent and magnetic particles G with each 
other can be executed with high precision. It is needless 
to say that times of pumping is not limited to the values 
employed in the above cases, and can be increased or 
reduced according to the necessity. 
25 Also in a case where temperature control or ampli- 
fication is required during the processing described 
above, if it is required to maintain the temperature at 
90°C, 60°C, or 40°C, the reaction liquid may be trans- " 
ferred to the thermostatic cells C 8A , C 8B , C 8C each 
30 heated to the target temperature. In this case, as com- 
pared to a case where temperature control is executed 
with one unit of heating means like in the conventional 
technology or a case where a solution is transferred 
vessel by vessel to the heating section, the reaction can 
be executed effectively, and also amplification under 
controlled temperature can easily be executed within a 
short period of time, and further a device for transferring 
vessels is not required, so that the apparatus can be 
simplified. 

Furthermore, if a sample is to be heated to a high 
temperature such as 60°C or 90°C, a mixture solution is 
evaporated, and to prevent the evaporation, in this 
embodiment, as shown in Fig. 18, it is desirable to set a 
covering body L 

This covering body L is engaged and locked in a 
thermostatic cell C 8 to be heated to a high temperature 
of the thermostatic cells C 8A , C 8B , C 8C accommodated 
in a vessel accommodating hole provided in a heating 
member such as a heater block, and comprises a flat 
so surface section L 1 having a diameter larger than a bore 
of the thermostatic cell C 8 , a locking piece section L 2 
having a substantially L-shaped form and engaging 
. with a locking projection extending downward from a 
periphery of this flat surface section L-| and projecting to 
55 above an external periphery of the thermostatic cell C 8 , 
a supporting groove L 3 provided in a concave form at a 
center of the flat surface section L,, a tin film section L 4 
closing a bottom section of the supporting groove sec- 
tion L 3 and formed with aluminum or a similar material, 
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and a seal projecting section L 5 projecting from an 
external periphery of the supporting groove section L 3> 
and the supporting groove section L 3 has a bore which 
is identical to an outer diameter of a tip of the pipette 
nozzle P. 

It should be noted that the thin film section L 4 
described above may be formed by heating and welding 
a separate seal material such as aluminum to the sup- 
porting groove section L 3 or by means of supersonic 
welding, or may be formed with soft plastics, which is 
the same material as that for the supporting groove sec- 
tion L 3 , into a thin film form. 

For the reasons as described above, after a mixture 
solution is poured into the thermostatic cell C 8 , the 
pipette nozzle P with the chip T 4 having been removed 
therefrom is transferred to a position where the covering 
body L is stocked, then goes down with the tip section of 
the pipette nozzle P press-fit into the supporting, groove 
section L 3 of the covering body L, and the pipette nozzle 
P is transferred with the covering body L supported ther- 
eon to just above the thermostatic cell C 8 , where the 
locking piece section L 2 of the covering body. L is 
engaged with a locking projection Y 1 of the thermostatic 
cell C 8 . It is needless to say that the thermostatic cell C 8 
is locked so that it is not raised from a heating member 
such as a heater block. 

After the work as described above is finished, the 
pipette nozzle P goes upward, and in this step, the cov- 
ering body L is fixed to the thermostatic cell C 8 so that it 
is not removed from the thermostatic cell C 8 , and for this 
reason the tip section of the pipette nozzle P goes out of 
the supporting groove section L 3 in the covering body L, 
and only the pipette nozzle P is moved to a prespecif led 
position. 

Then a new chip (not shown) is set to the tip section 
of the pipette nozzle P, and the pipette nozzle P is again 
. transferred to just above the thermostatic cell C 8) and 
goes down there with the tip section of the chip T 
inserted into the supporting groove section. L 3 of the 
covering body L and breaking through the thin film sec- 
tion L 4 downward, and then the pipette nozzle P sucks 
a mixture solution accommodated in the thermostatic 
cell C 8 thereinto, goes upward, and sends the sucked 
mixture solution to the next thermostatic cell C 8 or cell 

Thus, all of the DNA solution sucked into the cell C 7 
or the. thermostatic cell C 8A is discharged into the ceil 
C 9 . Then the magnetic body M contacts the intermedi- 
ate diameter section K 12 of the chip T 4 , operations for 
sucking and discharging by the pipette nozzle P are 
executed once or required times to separate the mag- 
netic particles G from the DNA solution, and only the 
DNA solution is discharged with the magnetic particles 
G attracted onto an internal surface of the chip T 4 (step 
19). 

The above description. of the first embodiment of 
the present invention assumes a case where the filter 
holders H n> H 2 , sample cell C 0 . and cells to cell C 9 
are arrayed in the order of reaction steps, but the 



present invention is not limited to this configuration, and 
as shown in Fig. 20. excluding the sample cell C 0 and 
DNA recovery cell C 9 , each of a group of cells C 1 to C 4 
used for refining with a filter, a group of filter holders H-j , 

5 H 2 , a group of cells C 5 to C 7 processed with the mag- 
netic particles G, and a group of thermostatic cells C 8A 
to C 8C may be set in a cassette with the pipette nozzle 
P driven and controlled according to the processing 
sequence described above. It is needless to say that the 

10 covering body L may be provided in parallel to a cas- 
sette of the thermostatic cells C 8A to C 8C . 

Fig. 21 shows a second embodiment of the present 
invention, and this embodiment shows a case where a 
plurality of reaction lines, for instance, 4 arrays of reac- 

75 tion lines each having the same configuration as that of 
the single reaction line are provided and the lines are 
separated from each other with a partition wall X. It is 
needless to sat that, in this case, a required number of 
pipette nozzles are provided in series for each reaction 

20 line so that a plurality of samples can simultaneously be 
processed. 

Also it should be noted that the reagent vessels Ra, 
Rb, Rc, Rd, Re, Rf arrayed along each of the reaction 
lines above and chips T 5A , T 5B , T 5C , T 5E , T 5F each for 

25 pipetting each reagent are provided in parallel along the 
trajectories of the pipette nozzles P 1t P 2 , P 3 , P 4 moving 
along each of the reaction lines. 

The partition wall X comprises a rectangular plate 
body having a size in a range including a tip section of 

so each of the pipette nozzle P 1( P 2 , P 3 . ?4 when P u,led 
up, and this partition wall X forms a working space sep- 
arated from a neighboring reaction line, and with this 
construction it is possible to prevent foreign materials 
other than target DNA from coming in from other reac- 

35 tion lines. 

It should be noted that an air inhalator (not shown) 
having a long air inhalating port in the longitudinal direc- 
tion of each reaction line may be provided between 
each reaction line for air inhalation in place of the parti- 

40 tion wall X. 

With this construction, a curtain of a downward air 
flow is generated in each line, and the same working 
space as that formed with the partition wall X described 
above is formed, so that it is possible to prevent foreign 
45 materials other than the target DNA from coming in from 
other reaction lines without fail. In a case where an air 
inhalator is used, there exists no . physical curtain, so 
that a form and movement of a pipette nozzle allowable 
in the production line is relatively free. Furthermore the 
so air inhalator may be provided above each reaction line, 
and in this case a curtain of upward airflow is generated 
between the reaction lines, and a similar working space 
is generated between each line. It is needless to say 
that this air inhalating method may be use in combina- 
55 tion with the partition wall X described above, and in that 
case cross contamination between the reaction lines 
can be prevented with higher accuracy. 

Fig. 22 shows a cylinder Ji used in the second 
embodiment of the present invention, and this cylinder 
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Jt shows the configuration in a case where works in 
each reaction line are not executed with separate cylin- 
ders, but executed only with this cylinder J, and the 
conjuration and effects thereof are similar'to those 
provided by this type of cylinder known in the conven- , 
tonal technology excluding the point that four chips TV 
1 2 , T 3 T 4 or T 5A , T 5B , T 5C . T 5E or the like used in the 
second embodiment above each detachably set in the 
P-pette nozzles P,. P 2 , P 3 , p 4 respectively can simulta- 
neously be set, and detailed description thereof is omit- w 
ted herein. A number of chips used in the present 
invention ,s not limited to four, and a plurality of chips 
may be set according to a number of liquid processing 

Fig. 23 and Fig. 24 show a mechanism suited to w 
dnvrng and controlling a magnetic body M and a holding 
body V when a liquid is processed with the cylinder 
shown m Fig. 22, and in this instance a magnetic body 
M having magnetic sections M,. M 2 . M 3 , M 4 formed into 
a shape l.ke comb teeth and a holding body V having 20 
hold.ng sections V,. v 2 , V 3 , V 4 also formed into a shape 
like comb teeth are pivotally supported by an up-down 

thereof is freely executed, and this up-down mechanism 
O is moved upward and downward, when rollers O r O r 25 
of the up-down mechanism O are closed as shown in 
Mg. 24, The magnetic body M and holding body V are 
moved and closed by the spring O s shown in Fig. 23 to 

Hnlll r P bet T een th8m ' and as a result the magnetic 
body M ,s simultaneously contacted to the four chips T A 30 

♦L B ' l C L ° r each chip is simultaneously held by 

the holding body V and the magnetic body M 

The embodiment shown in Fig. 23 and Fig 24 

areTorlT 6 r here 9 * ,|qU, ' d Pressing lines J 

are formed w. h partit.on lines like in the second embod- 35 
iment by providing the magnet body M and the holding 
body V and ,n this case the magnetic body M and hold- 
ing body V never collide against the partition wall, and 
such works as attracting, agitating, and mixing magnetic 

°: SUCking and discharging a liquid can simul- 40 
taneously be executed in four liquid processing lines at 3 
the same timing, so that the processing efficiency can 
substantially be improved with simple configuration. It is 
needless to say that the present invention is not limited ■ 

o°ur 5? W H er H S f ° U ! Pi8CeS ° f ma9nStiC M " 
SscribS i b ° d,es yr used,ike '" the embodiment . 
S ft t 6 ' and that any number of ma 9^tic bod- 

n?ces r Sty 9 ^ * l ° tte 

.hnj!' 50 , " Sh ° Uld be n ° ted that a filter be set so 
above a large diameter section of each chip to prevent a 
liquid from being deposited on or attracted to the suck- 
ing/discharging line. 



suited or executing such works as quantifying, separat- 
ing taking out, pipetting, cleaning, condensing and 
<Mu ting a hquid or a target high molecular substance 
contained ,n a liquid as well as such works as extracting 
recovering, and isolating the target high molecular sub- 
stance automatically and with high precision by means 
of sucking and discharging the liquid with a liquid suck 
mg/discharging line in the pipette device. The liquid 
processing method and the apparatus for the same 
described above is suited for. for instance, LeSg 
such works as quantifying, separating, taking out pipe? 
tag .cleaning, condensing, diluting a usefuLb^ance 
such as antibiotics, a genetic substance such as DNA or 
an immunological substance such as antibodies, and/o 
such works as extracting, recovering, and isolating a 
target high molecular substance automatically and with 

IT" b r eanS ° f SUCkinS and discharging the 
Sice sucking/discharging line in the pipette 

Claims 

1 • A liquid processing method making use of a pipette 
device which sucks a liquid containing a target high 
molecular substance via a chip detachably set in a 
sucking port or a discharging port of a liquid suck- 
ing/discharging line from inside of a vessel and 
transfers the liquid or the target high molecular sub- 
stance to a target next processing position, wherein 
sa,d chip has the sucked target high molecular sub- 

stance deposited on magnetic particles and/or sep- 
arated with a filter set in the chip. 

2- A liquid processing method making use of a pipette 
device according to claim 1, wherein said target 
high molecular substance is a useful substance 
such as antibiotics, a genetic substance such as 
body. ° r a " imi71uno,09ical substance such as anti- 

3. A liquid processing method making use of a pipette 
device according to any of claim 1 or claim 2 
wherein such works as quantifying, separating, tak- 
ing out, pipetting, cleaning, condensing, and dilut- 
ing said target high molecular substance is carried 
out w,th a chip set in said liquid sucking/discharging 
line and at least one type of filter set in said chip. 

4. A liquid processing method making use of a pipette 
device according to claim 3. wherein a plurality of 
filter holders for holding a filter can be provided in 
multiple stages in said chip. 



INDUSTRIAL APPLICABILITY 

As described above, the liquid processing method 
and the apparatus for the same making .use of the 
pipette device according to the present invention is 



5. 
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A liquid processing method making use of a pipette 
device according to any of claim 3 or claim 4 
wherein a plurality of filters held by said filter hold- 
ers comprise one or a plurality types of filters each 
havmg a different pore size for separation of a tar- 
get high molecular material and foreign materials 
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other than the target high molecular substance 
respectively. 

6. A liquid processing method making use of a pipette 
device, wherein after such works as quantifying, 5 
separating, taking out, pipetting, cleaning, con- 
densing, diluting a liquid or a target high molecular 
substance with the filter according to any of claim 3 

to claim 5, in a step of detachably setting a new chip 
in a tip section of said liquid sucking/discharging io 
line and sucking/discharging a solution containing 
magnetic particles with this chip, said magnetic par- 
ticles are attracted by a magnetic body provided in 
the side of the chip onto an internal surface of the 
chip to extract, recover, and isolate the target high is' 
molecular substance. 

7. A liquid processing method making use of a pipette 
device according to any of claim 1 or claim 2, 
wherein such works as capturing, extracting, isolat- 20 
ing, amplifying, labelling, and measuring said target 
high molecular substance may be executed only 
with a chip set in said liquid sucking/discharging 
line, a magnetic force, and one or a plurality types 

of magnetic particles. 

8. A liquid processing method making use of a pipette 
device according to claim 7, wherein by causing the 
chip set in said liquid sucking/discharging line to 
.react with magnetic particles, refining process such so 
as capturing cells, having cell cores or protein lysed 

is executed, and a particular target high molecular 
substance is extracted. 

9. A liquid processing method making use of a pipette 35 
device according to claim 7, wherein by using mag- 
netic particles with a probe or biotin or streptoavidin 
coated thereon by making use of a chip set in said 
liquid sucking/discharging line, a particular base 
sequence piece is isolated. 40 

10. A liquid processing method making use of a pipette 
device according to claim 7, wherein by causing the 
chip set in said liquid sucking/discharging line to 
react with magnetic particles, refining process such « 
as capturing cells, having cell cores or protein lysed 

is executed, and a particular target high molecular 
substance is extracted, then the particular base 
sequence piece is isolated with other type of mag- 
netic particles with a probe or biotin or streptoavidin st 
coated thereon. 

11 . A liquid processing method making use of a pipette 
device according to any of claim 7 to claim 10, 
wherein after a series of works such as capturing, 5. 
extracting, and isolating a target high molecular 
substance by using said magnetic particles, by 
making the isolated particular base sequence piece 
emit light through chemical luminescence or fluo- 



rescence or enzymatic coloration, presence or a 
quantity of the particular base sequence piece is 
detected or measured. 

1 2. A liquid processing method making use of a pipette 
device according to any of claim 7 to claim 10, 
wherein by causing the chip set in said liquid suck- 
ing/discharging line to react with magnetic parti- 
cles, refining process such as capturing cells, 
having cell cores or protein lysed is executed, and a 
particular target high molecular substance is 
extracted, then the extracted target high molecular 
substance is amplified, the particular base 
sequence piece is isolated with other type of mag- 
netic particles with a probe or biotin or streptoavidin 
coated thereon and then presence of or a quantity 
of the particular base sequence piece is detected 
and measured by causing the isolated piece to emit 
light through chemical luminescence or fluores- 
cence or enzymatic coloration. 

13. A liquid processing method making use of a pipette 
device according to any of claim 1 to claim 12, 
wherein the works of separating, taking out, pipet- 
ting, cleaning, condensing, diluting said target high 
molecular substance and/or works for capturing, 
extracting, isolating, amplifying, labelling, and 
measuring the substance are executed in a single 
liquid sucking/discharging line. 

14. A liquid processing method making use of a pipette 
device according to any of claim 1 to claim 12, 
wherein the works of separating, taking out, pipet- 
ting, cleaning, condensing, diluting said target high 
molecular substance and/or works for capturing, 
extracting, isolating, amplifying, labelling, and 
measuring the substance are executed in a plurality 
. of liquid sucking/discharging lines provided in paral- 
lel to each other. 

15. A liquid processing method making use of a pipette 
device according to claim 14, wherein said plurality 
of liquid sucking/discharging lines execute the 
works of separating, taking out, pipetting, cleaning, 
condensing, diluting said target high molecular sub- 
stance and/or the works of capturing, extracting, 
isolating, amplifying, labelling, and measuring the 
substance in each line according to the same tim- 
ing. 

1.6. A liquid processing method making use of a pipette 
device according to claim 14, wherein said plurality 
,of liquid sucking/discharging lines execute the oper- 
ations of sucking, discharging each liquid by a dif- 
ferent timing according to a processing step 
specified by each liquid or independent timing. 

17. A liquid processing method making use of a pipette 
device according to any of claim 13 to claim 16, 
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wherein working spaces in the single or a plurality 
of liquid sucking/discharging lines are separated 
from each other with partitions. 

18. A liquid processing method making use of a pipette 5 
device according to any of claim 13 to claim 16, 
wherein air sucking ports each are provided in each 
line working space respectively in said single or a 
plurality of liquid sucking/discharging lines, and the 
working spaces are separated from each other with 10 
an air flow. 

1 9. A liquid processing method making use of a pipette 
device according to any of claim 13 to claim 16, 
wherein working spaces in said single or a plurality 75 
of liquid sucking/discharging lines are separated 
from each other with partitions, and air in the work- 
ing spaces separated from each other with the par- 
titions is sucked from an air sucking port provided in 

the working space. 20 

20. A liquid processing method making use of a pipette 
device according to any of claim 1 to claim 19, 
wherein said magnetic particles have a target high 
molecular substance or a substance bonded to a 25 
target high molecular substance deposited or 
absorbed to a surface of each magnetic particles. 

21 . A liquid processing method making use of a pipette 
device according to any of claim 1 to claim 19, 30 
wherein said magnetic particles are absorbed onto 

an internal wall of a chip due to a magnetic force 
working from outside of said chip, and, if effect of 
said magnetic force is weak or not present, the 
magnetic particles can be separated from the inter- 35 
nal surface of the chip. 

22. A liquid processing method making use of a pipette 
device according to any of claim 1 to claim 21, 
wherein controlling load of a magnetic force into or 40 
elimination of a magnetic force in said chip is exe- 
cuted by means of moving a permanent magnet in 

a direction perpendicular to the longitudinal direc- 
tion of the chip or in a range including the direction 
perpendicular to the longitudinal direction of the 45 
chip. 

23. A liquid processing method making use of a pipette 
device according to any of claim 1 to claim 21, 
wherein controlling load of a magnetic force into or so 
elimination of a magnetic force in said chip is exe- 
cuted by turning ON or OFF an electric magnet. 

24. A liquid processing method making use of a pipette 
device according to claim 23, wherein said electric 55 
magnet is driven and controlled so that the electric 
magnet generates a magnetic force when it con- 
tacts an external surface of the chip and moves in a 
direction perpendicular to the longitudinal direction C 
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of the chip or in a range including the direction per- 
pendicular to the longitudinal direction of the chip 
when the magnetic force.is eliminated. 

25. sA liquid processing method making use of a pipette 
device according to any of claim 21 to claim 24, 
wherein a holding body synchronously moves when 
the permanent magnet or electric magnet moves to 
the chip, and said chip is held with said permanent 
magnet or electric magnet and holding body. 

26. A liquid processing method making use of a pipette 
device according to any of claim 1 or claim 6 to 
claim 25, wherein said chip comprises a small 
diameter section steeped into a liquid, a large diam- 
eter section having a capacity larger than a capac- 
ity of a vessel in which a liquid is accommodated, 
and an intermediate section provided between the 
small diameter section and the large diameter sec- 
tion and having a diameter smaller at least than that 
of the large diameter section, and magnetic parti- 
cles are captured by said intermediate section. 

27. A liquid processing method making use of a pipette 
device according to claim 26, wherein an internal 
diameter of the intermediate section of said chip 
has a dimension appropriate for ferromagnetic field 
of said magnetic body to provide effects therein, 
and magnetic particles are captured due to a mag- 
netic force generated in the ferromagnetic field of 
the magnetic body within a short period of time. 

28. A liquid processing method making use of a pipette 
device according to claim 26 or claim 27, wherein 
an internal diameter of the intermediate section of 
said chip is formed so as to have the substantially 
same width dimension as that of a contacting sur- 
face of a magnetic body contacting said intermedi- 
ate section. 

29. A liquid processing method making use of a pipette 
device according to any of claim 1 or claim 6 to 
claim 28, wherein sucking or discharging a liquid is 
controlled so that absorption of magnetic particles 
onto an internal surface of a chip set in said liquid 
sucking/discharging line is executed by passing a 
solution containing, magnetic particles through a 
ferromagnetic field inside a chip at a slow speed 
appropriate for the magnetic particles to be cap- 
tured completely 

30. A liquid processing method making use of a pipette 
device according to claim 29, wherein controls are 
provided so that the final liquid surface of a liquid 
passing through said chip when sucked into or dis- 
charged from the chip always reaches said mag- 
netic field. 

i1. A liquid processing method making use of a pipette 
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device according to any of claim 1 or claim 6 to 
claim 30, wherein, when sucking magnetic particles 
into said chip, a tip section of a chip set in the liquid 
sucking/discharging line is driven and controlled so 
that the chip section contacts an internal bottom of s 
a vessel with the liquid accommodated therein and 
then lightly rises so as to suck the liquid. 

32 A liquid processing method making use of a pipette 
' device wherein agitation and mixing of magnetic io 

particles absorbed in the said chip with a reagent or 
cleaning water is achieved under conditions in 
which the works of sucking and discharging the liq- 
uid is continuously executed in the liquid suck- ■ 
ing/discharging line at a high speed and times is 
enough to agitate and mix the liquid with the mag- 
netic particles. 

33 A liquid processing method making use of a pipette 
device according to claim 32, wherein, when mag- 20 
netic particles absorbed in the said chip are agi- 
tated and mixed with a reagent or cleaning water, 
the works of sucking and discharging the liquid in 
said liquid sucking/discharging line is driven and 
controlled so that no bubble is generated in a state 25 

in which the tip-section of the chip is steeped into a 
reagent or cleaning water accommodated in a ves- 
sel. 

34 A liquid processing method making use of a pipette so 
device wherein controlling a temperature required - 
tor reaction between said target high molecular 
substance and reagent or the like or amplification of 
the target high molecular substance is executed by 
transferring the reaction liquid or a liquid to be 35 
amplified into each thermostatic vessel previously 
kept at a constant temperature with said chip. 

35 A liquid processing method making use of a pipette 
device according to claim 34, wherein, when con- -40 
trolling a temperature in each reaction vessel, a 

. covering body is set over a tip section of said liquid 
sucking/discharging line, and said covering body is 
set via the liquid sucking /discharging line on the 
thermostatic vessel. 

36 A liquid processing method making use of a pipette 
device according to claim 35, wherein said liquid 
sucking/discharging line or a chip set in said line is 
driven and controlled so that said covering body is so 
plucked and broken and a reaction liquid or a liquid 
to be amplified in a thermostatic vessel is sucked 
thereby. 

37. A liquid processing apparatus making use of a 55 
pipette device comprising a liquid sucking/di.scharg- 

. ' ing line which can move in the horizontal direction 
and is maintained at a specified position so that it 
can move in the vertical direction; a means for exe- 



cuting liquid sucking/discharging works through 
• said liquid sucking/discharging line; a plurality of 
chips required for processing one type of liquid and 
provided along the horizontal direction in which the 
liquid sucking/discharging line moves; a vessel with 
. said liquid accommodated therein; one or more fil- 
ter holders each having a filter required for the 
processing above; and one or more vessels with 
other types of liquid accommodated therein respec- 
tively required for the processing above, and the liq- 
uid sucking/discharging line or a chip set therein is 
driven and controlled according to instructions from 
a control unit so that the line or the chip is trans- 
ferred with a filter holder set therein to execute such 
works as quantifying, separating, taking out, pipet- 
ting, clearing, condensing, and diluting the liquid or 
a target high molecular substance contained in the 
liquid. 

38. A liquid processing apparatus making use of a 
pipette device comprising a liquid sucking/discharg- 
ing line which can move in the horizontal direction 
and is maintained at a specified position so that it 
can move in the vertical direction; a means for exe- 
cuting liquid sucking/discharging works through 
said liquid sucking/discharging line; a plurality of 
chips required for processing one type of liquid and 
provided along the horizontal direction in which the 
liquid sucking/discharging line moves; a vessel with 
said liquid accommodated therein; a magnetic body 
for attracting magnetic particles contained in a liq- 
uid onto an internal surface of a chip when the liquid 
is sucked into or discharged from said chip; and 
one or more vessels with other types of liquid 
accommodated therein respectively required for the 
processing above, and the liquid sucking/discharg- 
ing line or a chip set therein is driven and controlled 
according to instructions from a control unit so that 
the chip is transferred to execute such works as 
capturing, extracting, isolating, amplifying, label- 
ling, and measuring a liquid or a target high molec- 
ular substance contained in the liquid. 

39. A liquid processing apparatus making use of a 
pipette device comprising a liquid sucking/discharg- 
ing line which can move in the horizontal direction 
• and is maintained at a specified position so that it 
can move in the vertical direction; a plurality of 
chips required for processing one type of liquid and 
provided along the horizontal direction in which the 
liquid sucking/discharging line moves; a vessel with 
said liquid accommodated therein; one or more fil- 
ter holders each having a filter required for the 
processing above; one or more vessels each 
accommodating therein other types of liquid 
required for the processing above; a vessel in which 
a liquid containing magnetic particles is accommo- 
dated; and a magnetic body for attracting said mag- 
netic particles onto an internal surface of the chip in 
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the process of sucking or discharging a solution 
containing said magnetic particles, and the liquid 
sucking/discharging line is transferred according to 
instructions from a control unit to automatically exe- 
cute such works as quantifying, separating, taking s 
out, pipetting, clearing, condensing, and diluting the 
liquid or a target high molecular substance con- 
tained in the liquid and such works as extracting 
recovering, and isolating a target high molecular 
substance. 

10 

40. A liquid processing apparatus making use of a 
pipette device according to any of claim 37 to claim 
39, wherein a hook for locking and supporting a 
chip engaged in and supported by said liquid suck- is 
mg/discharging line is rotatably supported by said 
liquid sucking/discharging line, and said hook is 
energized in its normal state in the direction in 
which connection between the liquid sucking/dis- 
chargmg line and the chip is maintained, and also 20 
sa.d hook is energized by a lock releasing body pro- 
vided at a specified position in the direction in which 
locking between the liquid sucking/discharging line 
and the chip is released. 

41. A liquid processing apparatus making use of a 
pipette device, wherein said filter holder set in a tip 
section of said chip is transferred so that said chip 
and/or the filter holder is separated from an edge of 
he liquid sucking /discharging line or a chip set so 
therein when , the liquid sucking/discharging line 
locked by the locking body is raised. 

42. A liquid processing apparatus making use of a 
pipette dev.ce, wherein a vessel is formed into cas- 35 
sette form having a plurality of chambers each for 
accommodating a type of liquid therein and then 
samples or reagents required for a reaction or 
processing are pipetted to each of.the liquid accom- 
modating chambers, and magnetic particles are 40 
absorbed onto an internal surface of said chip by a 
magnetic force of said magnetic body for transfer- 
ring. 
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43. A liquid processing apparatus making use of a 4s 
pipette device according to claim 42, wherein nec- 
essary reagents are previously pipetted to each of 
said liquid accommodating chambers, and a por- 
tion or all of the reagent in each of said liquid 
accommodating chambers is shielded with a thin so 
film body which can be broken by the liquid suck- 
ing/discharging line or a chip thereon. 

44. A liquid processing apparatus making use of a 
pipette device according to any of claim 37 to claim 55 
43, wherein said magnetic body is built with a per- 
manent magnet, and a surface of said permanent 
magnet contacting a chip is formed according to an 
external form of the chip and the chip is movably 



provided ,n a direction perpendicular to the longitu- 
dma direction of the chip or in a range including the 
directton perpendicular to the longitudinal direction 
of the chip. 

45. A liquid processing apparatus making use of a 
pipette device according to any of claim 37 to claim 
43 wherein said magnetic body is built with an 
electric magnet, and a surface of said electric mag- 
net contacting a chip i s formed according to an 
external form of the chip, and is provided so that 
said electric magnet generates a magnet force 
when said electric magnet contacts outside of said 
chip and also can move, when degaussed in a 
direction of separating from the chip. 

46. A liquid processing apparatus making use of a 
pipette device according to any of claim 44 or claim 
45 wherein a holding body which moves when 
said permanent magnet or electric magnet moves 
to the chip. ,n synchronism to movement of the 
magnet is provided in said permanent magnet or 
electric magnet, a surface of said holding body con- 

l^ f l Ch Z iS formed aCCOrding 10 an external 
form of the chip, and the chip is held between said 

holding body and the permanent magnet or electric 
magnet. 

47. A liquid processing apparatus making use of a 
pipette device, wherein a temperature control step 
required for a reaction between a target high molec- 
ular substance and a reagent or the like or for 
amplifying the target high molecular substance is 
inserted into the liquid processing step with the liq- 
u,d sucking/discharging line, the reaction liquid or 
the liquid to be amplified is transferred with the chip 
to each thermostatic vessel kept at a prespecified 
temperature for controlling the temperature and 
also a covering body, which can be set in a tip sec- 
tion of the liquid sucking/discharging line, is set by 
the liquid sucking/discharging line on each thermo- 
static vessel in which the reaction liquid or the liquid 
to be amplified is accommodated. 

s 

48. A liquid processing apparatus making use of a 
pipette device according to claim 47, wherein said 
covering body comprises a flat surface section hav- 
ing a diameter larger than that of a bore of the ther- 
mostatic vessel and a maintenance groove section 
formed ,n a substantially central portion of said flat 
surface section and having the same bore as an 
external diameter of the liquid sucking/discharging 
ine or the tip of the chip, and a bottom section of 
the maintenance groove section is formed with a 
thin film body which can be broken by the liquid 
sucking/discharging line or the chip 
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